Cissampelos sympodialis Eichl species are used in folk medicine for the treatment of asthma, arthritis and rheumatism. In the present study, we investigated the immunomodulatory effect of an aqueous fraction of a 70% (v/v) ethanol extract of C. sympodialis leaves on B lymphocyte function. The hydroalcoholic extract inhibited the in vitro proliferative response of resting B cells induced by LPS (IC 50 = 17.2 µg/ml), anti-delta-dextran (IC 50 = 13.9 µg/ml) and anti-IgM (IC 50 = 24.3 µg/ ml) but did not affect the anti-MHC class II antibody-stimulated proliferative response of B cell blasts obtained by stimulation with IL-4 and anti-IgM. Incubation with the hydroalcoholic extract used at 50 µg/ml induced a 700% increase in intracellular cAMP levels. IgM secretion by resting B cells (obtained from normal mice) and polyclonally activated B cells (obtained from Trypanosoma cruziinfected animals) was inhibited by the hydroalcoholic extract. The latter were more sensitive to the hydroalcoholic extract since 6.5 µg/ ml induced a 20% inhibition in the response of cells from normal mice while it inhibited the response of B cells from infected animals by 75%. The present data indicate that the alcoholic extract of C. sympodialis inhibited B cell function through an increase in intracellular cAMP levels. The finding that the hydroalcoholic extract inhibited immunoglobulin secretion suggests a therapeutic use for the extract from C. sympodialis in conditions associated with unregulated B cell function and enhanced immunoglobulin secretion. Finally, the inhibitory effect of the hydroalcoholic extract on B cells may indicate an anti-inflammatory effect of this extract. 
Introduction
Cissampelos sympodialis Eichl (Menispermaceae) is a species found in the Northeast and Southeast of Brazil. A hot water infusion of the fresh root bark of C. sympodialis is used in folk medicine for the treatment of asthma, arthritis and rheumatism, among other conditions (1) . Phytochemical studies of root extracts from C. sympodialis species have indicated the presence of aporfinic, bisbenzyltetrahydroiso-quinolinic and tetrahydroprotoberberinic alkaloids (2, 3) . Phytochemical studies culminated with the isolation of three tertiary alkaloids (wariftein, methylwariftein and millonin), one quaternary alkaloid (laurifolin), and an alkaloid showing a morphinanic skeleton (milonine) (1, 4) . Wariftein was shown to be a component with spasmolytic action (4) .
Pharmacological studies showed that the extract of C. sympodialis relaxed tracheal smooth muscle and inhibited bronchospasm induced by histamine in normal and ovalbumin-sensitized guinea pigs (5) . It was also shown that the aqueous fraction of a 70% ethanol extract of the leaves of C. sympodialis significantly increased the number of mononuclear cells in the bronchoalveolar lavage fluid, suggesting a possible chemotactic activity (1) . The hydroalcoholic extract also inhibited the TPA-and capsaicin-induced mouse ear edema and neutrophil migration to the rat peritoneal cavity, indicating an anti-inflammatory activity of this hydroalcoholic extract (6) . The extract of C. sympodialis inhibited the activity of the phosphodiesterases IV and V isolated from guinea pig lungs. The leaf extract also increased cAMP levels in cultured tracheal smooth muscle cells (7) . Studies using human peripheral blood neutrophils demonstrated that the ethanol extract of the leaves of C. sympodialis inhibited degranulation of these cells stimulated with formyl-Met-Phe-Pro, increased the levels of cAMP, and increased the activity of cAMP-dependent protein kinase A (8) . One of the alkaloids derived from the extract, wariftein, also inhibited calcium influx through voltage-operated calcium channels in guinea pig ileum and rat uterus and was suggested to be a nonspecific inhibitor of smooth muscle contraction (9) . Finally, immunological studies showed that the hydroalcoholic extract inhibited the in vitro proliferative response of T cells induced by concanavalin A and decreased the secretion of both IL-2 and IFN-γ (10) . Despite this inhibition of the secretion of these cytokines, there was an increase in the secretion of the type 2 cytokines IL-4 and IL-10 (10). The hydroalcoholic extract was also shown to inhibit the microbicidal activity of peritoneal macrophages and to increase IL-10 secretion by these cells (11) .
Several studies have characterized the events associated with B cell activation in vitro. B cell proliferation can be induced by the binding of stimuli to membrane immunoglobulin (for instance, in vitro stimulation with soluble anti-IgM antibodies or dextranconjugated anti-immunoglobulin antibodies) or by polyclonal activators like lipopolysaccharide (LPS) (12) . Binding to surface class II MHC molecules also induces intracellular signals in B cells (13) . Studies using anti-MHC class II antibodies showed that the binding of these antibodies induced an increase in B cell cytoplasmic cAMP level (14) . B cells are also induced to secrete immunoglobulin and the ability to present this response and the isotype profile produced depend on the nature of the B cell activator and on the presence of cytokines (15) .
Ethnopharmacological studies have shown that the frequent intake of a hot water infusion of C. sympodialis by asthmatic individuals improves their clinical status. Asthma has an immunological component associated with the maintenance of the pathological state (16) . Therefore, to better characterize the anti-asthmatic effect of the C. sympodialis extract, it would be important to obtain more detailed knowledge about the modulation of immunological function by the extract.
In the present study we investigated the modulation of B lymphocyte function by the aqueous fraction of a 70% (v/v) ethanol extract of C. sympodialis. We analyzed its effect on both B cell proliferation and immunoglobulin secretion and showed that the effect of the hydroalcoholic extract on B cells is mediated by an increase in intracellular cAMP levels.
Immunomodulatory effect of a Cissampelos sympodialis extract

Material and Methods
Preparation of the aqueous fraction from the ethanol extract of C. sympodialis Eichl Leaves of C. sympodialis were collected at the Botanical Garden of the Laboratory of Pharmaceutical Technology (Federal University of Paraíba) and voucher specimens were deposited under code Agra 1456 in the herbarium of the Department of Botany. The leaves were dried at 40ºC in an oven and then pulverized. The dry material was extracted with 70% ethanol (v/v) at 25-30ºC for 3 days and the material obtained was dried at 60ºC in a rotary evaporator. The yield was approximately 21% of the weight of the dried leaves. The dried fraction was suspended in water, filtered and known volumes were dried to determine the concentration of water-soluble material. Approximately 70% of the solids in the 70% ethanol extract were soluble in water. This water-soluble material is cited as hydroalcoholic extract throughout the text. The water-soluble material was dissolved in RPMI 1640 medium (Sigma, St. Louis, MO, USA). Nuclear magnetic resonance and fast atom bombardment mass spectrometry analysis, performed as previously described (17) , revealed no contamination with bacterial LPS on the basis of the absence of the KDO LPS-cleavage product.
Animals and Trypanosoma cruzi infection
Male and female BALB/c mice were used at ages from 6 to 8 weeks. The animals were supplied by the Central Animal Facility from the Institute of Microbiology (Federal University of Rio de Janeiro) and were bred and housed in this animal facility according to institutional policies for animal care and use.
Epimastigote forms of the DM28c clone of T. cruzi were grown in brain-heart infusion medium supplemented with hemin (25 mg/l) and fetal bovine serum (10% v/v).
After 7-8 days of culture, in vitro metacyclogenesis was induced chemically by inoculating the parasites in TAU-P medium and metacyclic trypomastigote forms were obtained after 72 to 120 h of culture (18) . Mice were inoculated with parasites (10 5 ) by intravenous injection and infection parameters were monitored as previously described (19) .
Reagents
LPS extracted from Escherichia coli O111:B4 was obtained from Sigma. Dextran-coupled anti-IgD antibody (anti-deltadextran) was prepared as previously described (20) and was provided by Dr. James J. Mond (Biosynexus Inc., Gaithersburg, MD, USA). Murine recombinant IL-4 (specific activity 2 x 10 7 U/mg) and IL-5 (specific activity 2 x 10 7 U/mg) were obtained from BD Pharmingen (Costa Mesa, CA, USA). Anti-MHC class II antibody (clone AMS-32.1) was also obtained from BD Pharmingen. Goat anti-mouse IgM antibody was obtained from Sigma.
B cell purification
A murine spleen cell suspension was treated with a mixture of antibodies (antiThy-1, anti-CD4 and anti-CD8) and Low Tox rabbit complement (Cedarlane Laboratories Ltd., Hornby, Ontario, Canada) as previously described (20) . The purified B cells were applied to a Percoll gradient (Pharmacia, Uppsala, Sweden) prepared with Percoll solutions of 1.086, 1.081, 1.074 and 1.062 g/ ml density (20) . The gradients were spun at 1900 g for 15 min and high density (resting) B cells were recovered from the interface of the solutions with densities of 1.086 and 1.081 g/ml. Low density (in vivo preactivated) B cells were recovered from the interface of Percoll solutions with densities of 1.074 and 1.062 g/ml. These cells were used as source of B cells in the cultures and were incubated for different times in RPMI 1640 medium (Gibco-BRL, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (Gibco-BRL), 2 mM L-glutamine (Sigma), 50 mM 2-mercaptoethanol (Sigma) and 50 mg/ml gentamicin. Flow cytometry analysis of the B cell preparation showed an 85 to 90% B220 + B cell preparation and less than 3% residual contamination with T cells.
Proliferation assay
Splenic B cells were cultivated on 96-well flat bottom plates in the presence or absence of different activators, in a final volume of 0.2 ml in supplemented RPMI 1640 medium. Cultures were run for 48 h and were then pulsed with 1 µCi of tritiated thymidine (Amersham Pharmacia Biotech, Buckinghamshire, UK) with specific activity of 5 Ci/mmol and incubated for an additional period of 18 h. The cultures were harvested with a PHD model cell harvester (Cambridge Technology, Watertown, MA, USA) using glass fiber filters. The incorporation of tritiated thymidine was determined by liquid scintillation spectroscopy. The results are reported as the arithmetic mean of counts per minute (cpm) obtained for cultures run in triplicate.
Culture system in the presence of anti-MHC class II antibody B cells were cultivated (10 6 ) on 24-well plates for 24 h in the presence or absence of goat anti-mouse IgM antibody and IL-4, in a final volume of 1 ml in supplemented RPMI 1640 medium. The cells were then recovered and recultivated on plates previously coated with anti-MHC class II antibody. Alternatively, some cultures were performed using uncoated plates in the presence of bacterial LPS. The incorporation of tritiated thymidine was assayed as described above. Plates (96 wells) covered with anti-MHC class II antibodies were obtained by incubation for 16 h at 4ºC with a solution of monoclonal anti-MHC class II antibody (10 µg/ml).
Measurement of immunoglobulin production by ELISA
Pooled supernatants from triplicate cultures, set up as described above, were obtained after 7 days of culture and IgM levels were measured by sandwich ELISA (21) . Polystyrene assay plates (Corning Inc., Corning, NY, USA) were covered with goat antimouse IgM antibody (Sigma) diluted in PBS. The presence of mouse immunoglobulin in samples and standards was measured by the addition of alkaline phosphatase-labeled goat anti-mouse IgM antibody (Southern Biotech. Ass. Inc., Birmingham, AL, USA). The reaction was quantitated by the addition of pnitrophenolphosphate (Sigma) and absorbance was measured at 405 nm with a model 550 plate reader (BioRad, Boston, MA, USA). The concentrations of IgM were obtained by standard curves constructed with purified mouse IgM (ICN Biomedicals Inc., Irvine, CA, USA).
cAMP assay B cells were incubated on 24-well plates (10 6 per well) for 18 h in supplemented RPMI 1640 medium. Some cultures were treated with goat anti-mouse IgM antibody and IL-4. On the following day, the cells were harvested and stimulated with the indicated activators in the presence or absence of the hydroalcoholic extract (50 µg/ml) for 2 h. This optimal incubation period and hydroalcoholic extract doses were determined in preliminary kinetic studies (data not shown). The samples were then obtained and cAMP levels were measured by an immunoenzymatic assay using the cAMP Biotrac EIA System from Amersham Pharmacia Biotech according to supplier instructions. Absorbance was measured in a model 550 plate reader (BioRad) using a 450-nm filter.
Statistical analysis
The results are reported as means ± SD. Statistical analysis was performed using the Student t-test for independent samples, with the level of significance set at P < 0.05.
Results
Effect of the hydroalcoholic extract on B cell response induced by different B cell activators
We initially performed preliminary studies to rule out any toxic effect of the hydroalcoholic extract on B lymphocytes. The viability of resting and LPS-activated B cells was not affected when concentrations of the extract ranging from 6.5 to 100 µg/ml were A, High density spleen B cells were cultivated (2 x 10 5 cells/well in 0.2 ml) for 48 h in the presence or absence of the indicated doses of lipopolysaccharide (LPS, in µg/ml). Some cultures were treated with varying doses of the hydroalcoholic extract. B cell proliferation was measured by the incorporation of 1 µCi tritiated thymidine after 18-h incubation. The data are reported as the percent inhibition of the response of cultures set up in the presence of the hydroalcoholic extract compared to control cultures without the addition of the extract. Control responses were as follows: LPS (10 µg/ml) 33,232 cpm, LPS (1 µg/ml) 34,622 cpm, and LPS (0.1 µg/ml) 32,410 cpm. Nonstimulated cultures showed incorporation of 1,212 cpm.
B, High density spleen B cells were cultured under the same conditions as described in A. Different B cell activators were added to the cultures: LPS (10 µg/ml), anti-delta-dextran (10 ng/ml) or goat anti-mouse IgM (100 µg/ml). The cultures were also treated with the indicated doses of the hydroalcoholic extract. The data are reported as the percent inhibition of the proliferative response observed in the presence of the hydroalcoholic extract compared to values for control untreated cultures. The values of control cultures were as follows: LPS, 36,230 cpm; anti-IgM, 4,579 cpm; anti-delta-dextran, 37,835 cpm. Tritiated thymidine incorporation of untreated cultures was 502 cpm. The reported data are the representative result of three independent experiments. *P < 0.05 for cultures treated with the extract compared to untreated cultures (Student t-test).
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Hydroalcoholic extract (µg/ml) used (data not shown). We next assayed whether the extract would have any effect on the resting B cell response induced by different B cell activators. We observed that in vitro it inhibited B cell proliferation induced by different concentrations of LPS ( Figure  1A ). The hydroalcoholic extract also inhibited B cell proliferation stimulated with dextran-conjugated anti-IgD antibody (anti-deltadextran) and anti-IgM antibodies ( Figure 1B) . The IC 50 for the extract calculated using data from at least three proliferation assays were as follows: LPS, 17.2 ± 2 µg/ml; anti-IgM, 24.3 ± 2.2 µg/ml, and anti-delta-dextran, 13.9 ± 2.5 µg/ml. We next compared the effect of the hydroalcoholic extract on high density (resting) B cells with its effect on low density (in vivo preactivated) B cells and observed (Figure 2A) that the latter were more resistant to the inhibitory effect of the extract. These data suggest that the inhibitory effect of the hydroalcoholic extract may probably be an early effect that would not be observed once the cells were activated. To test this hypo- B, Kinetics of the inhibition of the proliferative response of B cells by the hydroalcoholic extract. High density spleen B cells were cultivated (2 x 10 5 cells/well in 0.2 ml) for 48 h in the presence or absence of the indicated stimuli (LPS, 10 µg/ml; anti-delta-dextran, 10 ng/ml, or goat anti-mouse IgM, 10 µg/ml). The cultures were treated with the hydroalcoholic extract (added at 50 µg/ml) at the indicated times after the beginning of the cultures. Proliferation was measured by the incorporation of 1 µCi tritiated thymidine after an 18-h pulse. The data are reported as percent inhibition of proliferation in cultures to which the hydroalcoholic extract was added. The control values (culture stimulated in the absence of the hydroalcoholic extract) were as follows: LPS, 14,146 cpm; anti-IgM, 4,897 cpm; antidelta-dextran, 26,358 cpm. Thymidine incorporation was 488 cpm for nonstimulated cultures. Three independent experiments (data not shown) gave similar results. *P < 0.05 for cultures stimulated with the hydroalcoholic extract compared to unstimulated cultures (Student t-test). thesis, we performed kinetic studies in which the hydroalcoholic extract was added to cultures at different times. We observed that the hydroalcoholic extract inhibited cell proliferation even when added to the culture at later times (12 and 24 h after the beginning of culture; Figure 2B ). To assess the effect of the hydroalcoholic extract on another B cell activation system, we tested its effect on the response induced by stimulation of B cells preactivated in vitro with anti-MHC class II antibodies. High density B cells were stimulated with antiIgM antibody plus IL-4 and were then restimulated with either anti-MHC class II antibody or LPS and the hydroalcoholic extract was added to these secondary cultures. We observed that under these experimental conditions preactivated cells stimulated with anti-MHC class II antibody became completely refractory to the inhibitory effect of the hydroalcoholic extract and their proliferative response was increased by the addition of the hydroalcoholic extract ( Figure 3A) . However, secondary cultures stimulated with LPS were still sensitive to inhibition with the hydroalcoholic extract ( Figure 3B ).
Effect of the hydroalcoholic extract on cAMP levels in B cell cultures
To determine the possible mechanism of the effect of the hydroalcoholic extract on B cells we measured the cAMP levels of B cells stimulated in the presence of the hydroalcoholic extract. As shown in Figure  4A , the treatment of resting B cells with the hydroalcoholic extract induced a significant increase in cytoplasmic cAMP levels when compared to control cultures. Forskolin was used as a standard control drug, since it increases intracytoplasmic cAMP levels. We also obtained B cell blasts activated in the presence of IL-4 and anti-IgM and incubated them in a secondary culture with either LPS or anti-MHC class II antibody. We observed ( Figure 4B ) that the hydroalcoholic extract (10 6 cells/ well in 1 ml) in the presence of goat anti-mouse IgM antibody (100 µg/ml) and IL-4 (300 U/ml). After 24 h of culture, the blasts were harvested and reincubated in a secondary culture (2 x 10 5 cells/well in 0.2 ml) for 48 h. Some secondary cultures (A) were set up on plates previously coated with monoclonal anti-MHC class II antibody (anti-class II, used at 10 µg/ml). Other secondary cultures (B) were stimulated with lipopolysaccharide (LPS, 10 µg/ml) on uncoated plates. The secondary cultures were also treated with the indicated doses of the hydroalcoholic extract. Proliferation was measured by the incorporation of 1 µCi tritiated thymidine after an 18-h pulse. The data indicate the values of tritiated thymidine incorporation of hydroalcoholic extract-treated and -untreated cultures. *P < 0.05 for hydroalcoholic extract-treated cultures compared to untreated cultures (Student t-test). 
In vitro IgM production is inhibited by the hydroalcoholic extract
After determining the effect of the C. sympodialis-derived hydroalcoholic extract on the B cell proliferative response, we next determined its effect on IgM production. As shown in Figure 5A , the hydroalcoholic extract inhibited IgM secretion in spite of the B cell activator used. This inhibitory effect was observed even when the hydroalcoholic extract was added 72 h after the beginning of culture (data not shown). The production of T. cruzi-infected mice. We observed ( Figure  5B ) that the hydroalcoholic extract inhibited IgM secretion by the cells from T. cruziinfected animals to a greater extent than by cells obtained from normal mice. While the concentration of 6.5 µg/ml inhibited the LPSinduced response of cells from normal animals by 20%, the same concentration inhibited the response of B cells obtained from T. cruzi-infected animals by 75%. We also observed that the proliferative response of B cells from T. cruzi-infected mice was more affected by the hydroalcoholic extract than the response of B cells from normal mice (data not shown). The mean IC 50 of the hydroalcoholic extract was 3.5 times lower in the LPS-induced proliferative response of cells from T. cruzi-infected mice than in the LPS-induced response of B cells from normal mice (data not shown). A, High density (resting) B cells. High density spleen B cells were cultivated (2 x 10 5 cells/well in 0.2 ml) for 2 h in the presence of the indicated reagents: 10 µg/ml lipopolysaccharide (LPS), 50 µg/ml hydroalcoholic extract, and 10 µM forskolin. cAMP levels were measured by an immunoenzymatic assay. The data are representative of three independent experiments. B, In vitro preactivated blasts. Resting (high density) spleen B cells were obtained and cultivated (10 6 cells/ well in 1 ml) in the presence of goat anti-mouse IgM antibody (100 µg/ml) and IL-4 (300 U/ml). After 24 h of culture, the blasts were harvested and reincubated in a secondary culture (2 x 10 5 cells/well in 0.2 ml) for 2 h. Some secondary cultures were set up on plates previously coated with monoclonal anti-MHC class II antibody (used at 10 µg/ml) and others were set up on uncoated plates and were either left unstimulated or were stimulated with LPS (10 µg/ml). The hydroalcoholic extract (50 µg/ml) was added to the indicated cultures. cAMP levels were measured by an immunoenzymatic assay. The data are representative of three independent experiments. Anti-MHC II Ab indicates cultures stimulated on plates coated with anti-MHC class II antibody. *P < 0.05 for cAMP levels obtained in cultures with different additions compared to control untreated cultures (Student t-test) . IgM was more sensitive to the effect of the extract than the proliferative response. We did not observe any significant difference in the inhibition of IgM secretion mediated by the hydroalcoholic extract when comparing the in vitro response of high density or low density B cells (data not shown). To further compare the effect of the hydroalcoholic extract on the response of resting and preactivated B cells, we investigated the effect of the hydroalcoholic extract on immunoglobulin secretion by B cells obtained from
Discussion
We investigated the immunomodulatory effect of the aqueous fraction of the ethanol extract of C. sympodialis. Previous studies have shown that this extract suppressed the T cell response and also modified the pattern of cytokine secretion to a Th2 profile (10) . The effect on B cells was shown indirectly by the demonstration that in vivo treatment with the hydroalcoholic extract decreased the production of IgE by guinea pigs immunized with ovalbumin (Piuvezam MR, unpublished data).
In the present study we investigated the response of B lymphocytes stimulated in vitro by binding of anti-IgM and conjugated anti-IgD antibodies to the B cell receptor. B cells were also stimulated with LPS, anti-MHC class II antibodies, and cytokines (IL-4). Different activators were used since distinct activators induce several different B cell response profiles (12, 15) . The response A, High density spleen B cells were cultivated (2.5 x 10 4 cells/well in 0.2 ml) for 7 days in the presence or absence of the following stimulators: lipopolysaccharide (LPS, 10 µg/ml), IL-4 (300 U/ml), IL-4 + IL-5 (300 U/ ml of each) or a combination of IL-4 + IL-5 and antidelta-dextran (used at 10 ng/ml). Some cultures were treated with the indicated doses of the hydroalcoholic extract. IgM levels were measured in pooled culture supernatants by capture ELISA. The data shown indicate the percent inhibition of IgM production in extracttreated cultures compared with control untreated cultures. Control levels of IgM were as follows: LPS, 6,500 ng/ml; IL-4, 147 ng/ml; IL-4 + IL-5, 390 ng/ml, and IL-4 + IL-5 + anti-delta-dextran, 540 ng/ml. *P < 0.05 for cultures treated with the hydroalcoholic extract compared to untreated cultures (Student t-test) . The data are representative of three independent experiments.
B, High density spleen cells were obtained from either normal or Trypanosoma cruzi-infected mice and cultivated (2.5 x 10 4 cells/well in 0.2 ml) for 7 days in the presence of LPS (10 µg/ml). Some cultures were also treated with the indicated doses of the hydroalcoholic extract. IgM levels were measured by capture ELISA. induced by anti-delta-dextran and soluble anti-IgM antibodies has been well characterized. It was shown that these activators stimulate B cell proliferation and that this response is increased by cytokines (12, 22, 23) . The proliferative response was inhibited in spite of the activator used, showing that the inhibitory effect of the hydroalcoholic extract was not specific for the response stimulated by LPS.
The inhibitory effect of the hydroalcoholic extract could not merely be reversed by * previous B cell activation, since both resting (high density) and preactivated (low density) B cells were sensitive to the hydroalcoholic extract. High density B cells have been described as cells that have not entered the antigen-driven proliferation phase. Low density cells are cells that have already had some contact with antigens in vivo (24) . The difference in the pattern of response of different B cell subpopulations could be attributed to distinct degrees of signaling transduction through the B cell receptor (25) . This difference may probably be associated with a lower Ca 2+ release by high density cells, when compared with low density cells (26) . Based on these findings, it is possible to suggest that, because low density cells may have higher levels of intracellular second messengers, we needed higher doses of the hydroalcoholic extract to block their activation.
Our findings suggest that the hydroalcoholic extract may stimulate the induction of a potent inhibitory signal. We tested the hypothesis that the inhibitory effect of the hydroalcoholic extract on B lymphocytes may be due to an increase in cAMP levels. The hydroalcoholic extract was able to increase cAMP levels in resting and preactivated B cells even when added alone. Previous studies have shown that the hydroalcoholic extract inhibits some enzymatic systems such as the phosphodiesterase one (8) , that is linked to the inactivation of cAMP. It is possible that these enzymes are being inactivated in B lymphocytes incubated with the hydroalcoholic extract as well.
Several studies have identified cAMP as an antagonist of B cell proliferation induced by mitogens (27) . It was observed that the pharmacological increase of intracellular cAMP levels also inhibited the B lymphocyte response (28, 29) . Recently, it was demonstrated that cAMP is a second messenger that plays an important role in the regulation of B cell apoptosis (30) . Also, in general, an increase in cAMP levels is associated with anti-inflammatory and immunosuppressive effects (31, 32) . Despite this inhibitory effect, there is evidence that an increase in intracellular cAMP may also be a signal associated with lymphocyte differentiation. It was recently shown that stimulation of B cells with high doses of anti-IgD antibodies induces an increase in cytoplasmic cAMP that is associated with the differentiation into a germinal center type cell population (33) . Increase in cAMP levels can also increase class switching to IgG1 (34) .
Despite evidence showing an increase in intracellular cAMP levels in resting cells stimulated with anti-MHC class II antibodies and a consequent inhibition of the B cell response, this signal has no inhibitory effect on the response of in vitro preactivated B cells (35) . It was shown (35) that B cells preactivated with IL-4 and anti-IgM antibody become competent and capable of mobilizing intracellular Ca 2+ through the binding of antibodies to surface class II MHC. Based on these features of the response of cells preactivated with anti-IgM and IL-4, we hypothesized that, if the major effect of the hydroalcoholic extract is the induction of increased intracellular cAMP levels, this extract would have no major effect on the response of cells preactivated with anti-IgM and IL-4 and incubated with anti-MHC class II antibody. The data obtained here confirmed this hypothesis. This finding may possibly indicate that cAMP levels are regulated in a different manner in B cells activated through the binding of antibody to the MHC molecule but further studies would be necessary to clarify this point.
Having characterized the mechanism of inhibition of the B cell proliferative response by the hydroalcoholic extract, we analyzed the effect of this extract on IgM secretion. We observed that the hydroalcoholic extract also had an inhibitory effect on this B cell response. We further tested whether the hydroalcoholic extract would have any effect on cells that are already secreting high levels of immunoglobulin. To perform this study, we used B cells isolated from T. cruzi-infected mice. During the acute phase of T. cruzi infection there is polyclonal B lymphocyte activation (36) . With the progression of the disease, the number of immunoglobulinsecreting cells is increased and hypergammaglobulinemia is detected (37) . We observed that the response of these cells was also sensitive to the effect of the hydroalcoholic extract. The polyclonal B cell activation detected during T. cruzi infection seems to have pathological consequences for the host, since mice with a genetically determined defect in B cell response showed neither polyclonal B cell activation nor heart tissue pathology (38) . Our findings that the hydroalcoholic extract could decrease immunoglobulin secretion by preactivated B cells obtained from T. cruzi-infected mice open the possibility for a therapeutic use of the extract from C. sympodialis in conditions associated with dysregulated B cell function or increased immunoglobulin secretion.
One important finding obtained in the current study was the observation that even activated cells could be inhibited by the hydroalcoholic extract, depending on the nature of the B cell activator used. This inhibitory effect on B cells could be one more mechanism of the anti-inflammatory effect of this extract.
